Single crystals of the laser host material Sc 2 SiO 5 as well as thulium-(4 at.-%) and ytterbium-(5 at.-%) doped samples were prepared by the Czochralski technique. The structures of Sc 2 SiO 5 , Tm 3+ :Sc 2 SiO 5 , and Yb 3+ :Sc 2 SiO 5 were refined on the basis of high-quality single-crystal X-ray diffraction data: monoclinic Y 2 SiO 5 type, space group C2/c. The X-ray data unambiguously show that the larger rare earth cations exclusively occupy the 8 f site with oxygen coordination number 7.
Introduction
The scandium silicate Sc 2 SiO 5 (SSO) was detected in early phase-analytical work, when establishing the equilibrium diagram of the Sc 2 O 3 -SiO 2 system [1] . The only structural information from that investigation were d spacings and approximate intensities obtained from powder X-ray data. More detailed studies by 45 Sc solid-state NMR spectroscopy and Rietveld analyses showed that Sc 2 SiO 5 adopts the monoclinic Y 2 SiO 5 type, space group C2/c [2, 3] .
During the last ten years, Sc 2 SiO 5 has intensively been discussed as host material for rare earth doping with respect to laser materials [4 -7] . Sc 2 SiO 5 is a stable compound for such applications since it exhibits a high lattice energy accompanied with a high melting point and a moderately high thermal conductivity [8, 9] . Many investigations subsequently focused on the substitution of Sc 3+ by mainly Tm 3+ and Yb 3+ . These are the smallest possible ions with suitable f levels. The Sc 2 SiO 5 structure offers two crystallographically independent scandium sites, both on Wyckoff positions 8 f . These sites have oxygen coordination numbers (CN) 6 and 7 for Sc2 and Sc1, respectively, both suitable for substitution. During systematic 45 Sc solid state NMR spectroscopic studies of intermetallic [10] and oxidic [11 -13] The segregation coefficient of the Yb 3+ ions in the SSO host structure was determined to be 0.96. The segregation coefficient of Tm 3+ in the SSO host was measured by the ICP-AES method and calculated to be 0.72. For further details see [15] and [17] . Additionally a 1 at.-% Nd:SSO crystal was used [16] .
EDX data
The cut pieces of the bulk samples from which small single crystals were selected by mechanical fragmentation were studied by semiquantitative EDX analyses using a Zeiss EVO MA10 scanning electron microscope with NdF 3 , TmF 3 , YbF 3 , Sc, and SiO 2 as standards. No impurity elements were detected. The thulium-and ytterbium-containing crystal fragments showed homogeneous rare earth distributions. Within the detection limit of the instrument, no neodymium was detected in the attempted Nd 3+ :Sc 2 SiO 5 sample, in agreement with the single-crystal X-ray data (vide infra).
X-Ray diffraction
Pieces of the Czochralski grown crystals were crushed, ground in an agate mortar and characterized by Guinier patterns (imaging plate detector, Fujifilm BAS-1800) with CuK α1 radiation and α-quartz (a = 491.30, c = 540.46 pm) as an internal standard. Correct indexing of the patterns was ensured by intensity calculations [18] . Micrometer-sized crystal fragments were then selected, glued to thin quartz fibers using bees wax and first tested by Laue photographs on a Buerger camera (using white Mo radiation). The data collections of three suitable crystals were carried out in oscillation mode on a Stoe IPDS II diffractometer using MoK α radiation. Numerical absorption corrections were applied to the data sets. Details about the data collections and crystallographic parameters are summarized in Table 1 .
Structure refinements
The data sets showed C-centered monoclinic lattices, and the observed extinction conditions were compatible with the centrosymmetric space group C2/c in agreement with previous work on Sc 0.88 Lu 1.12 SiO 5 [14] . The atomic parameters of the latter compound were taken as starting values, and the three structures were refined with anisotropic displacement parameters for all atoms with SHELXL-97 (fullmatrix least-squares on F 2 o ) [19] . The occupancies of both 8 f scandium sites were refined in separate series of leastsquares cycles in order to determine the degree of doping with the heavier rare earth element. Both scandium sites of the crystal from the 1 at.-% Nd:SSO sample were fully occupied with scandium within two standard deviations. For the Tm:SSO and Yb:SSO crystals we observed thulium, respectively ytterbium only on the 8 f site with CN = 7. These mixed occupancies were refined as least-squares variables. The refined atomic positions, equivalent isotropic displacement parameters, and interatomic distances are given in Ta 
Results and Discussion
The structure of Sc 2 SiO 5 has been refined for the first time from high-quality single-crystal X-ray diffractometer data. Our results fully confirm the data recently obtained from a powder Rietveld refinement [2] , however, with much higher precision. The Sc 2 SiO 5 structure has simple monomeric building units, i. e. Sc1O 7 mono-capped octahedra, distorted Sc2O 6 octahedra, and SiO 4 tetrahedra. The connectivity pattern of these building units has been discussed in detail in our previous work on the solid solution Lu 2−x Sc x SiO 5 . For further details we refer to a review article on rare earth silicates [20] .
The two different scandium coordinations in Sc 2 SiO 5 are presented in Fig. 1 . The Sc1 atoms Fig. 1 (color online) . Oxygen coordination of the scandium atoms in Sc 2 SiO 5 . The site symmetries and atom designations are given. have the higher coordination number and also the longer average Sc-O distance. This is an important prerequisite for the doping experiments, since the ionic radii [21] for Nd 3+ (104 pm), Tm 3+ (94 pm), and Yb 3+ (86 pm) are larger than the one for Sc 3+ (83 pm). Our structure refinements of the thulium-and ytterbium-doped crystals clearly revealed, that exclusively the Sc1 site is substituted by the larger rare earth element. Only at very high substitution levels (see the solid solution Lu 2−x Sc x SiO 5 ) both sites show mixed occupancies. Thus, the optical properties of these laser materials arise from the doped Sc1O7 site.
As a consequence of the rare earth doping the cell parameters increase, and we observe small differences in the RE-O distances (Table 3) . These differences are also reflected in the course of the calculated bond valence sum (BVS) values listed in the same Table. For the Sc2 and Si sites the calculated values are in good agreement with the expected values for Sc 3+ and Si 4+ , respectively [22, 23] . Due to the RE/Sc mixing in the thulium-and ytterbium-doped crystals we observe a BVS much larger than 3 if the calculation is carried out solely for Tm 3+ , respectively Yb 3+ , and a much smaller BVS when using Sc 3+ . This drastic over-bonding already for the thulium-doped compound indicates that it is difficult to introduce larger cations. In view of the very large r 0 value of 2.105Å for Nd III -O [22] it is readily understandable that the neodymium-doped SSO crystal showed no neodymium content within the accuracy of our diffraction experiment.
